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TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE 
SAME 



5 BACKGROUND OF THE INVENTION ^ 

c 

1. Field of the Invention 

The present invention relates to a semiconductor 
device and a method of manufacturing the same and, more 
particularly, to^the technology that is suitable forj 
10 preventing the diffusion of the copper of the copper 
wiring layer. 

2. Description of the Related Art 

In recent years , in order to increase the operational 
speed of jfih&j semiconductor element such as^LSI, etc. , 

15 — -tfearfe fefrej 

jLn insulating film having low dielectric constant 

(referred to as ^p&g "low dielectric constant film" 
hereinafter) is formed on the copper wiring layer as the 
interlayer insulating film. In this structure, the low 
20 dielectric constant film is formed on the copper wiring 
layer as an interlayer insulating film, and then ^fcfee via 
hole is formed in this low dielectric constant film to 
expose the copper wiring layer. In forming this via hole, 
JXs£ block insulating film is formed on the copper wiring 
25 layer in advance, and then the interlayer insulating film 

is formed on this ' block insulating film. The block 

i' 

.i 

insulating film serves as an etching stopper film when 



etching the interlayer insulating film. The block 
insulating serves also as a copper diffusion preventing 
film, which prevents copper contained in the copper 
wiring layer from diffusing into the interlayer 
5 insulating film. ^ 

In the prior art,^h£* silicon nitride film (referred 
to as/the7"SiN film" hereinafter), which is superior in 
preventing the copper diffusion, is used for the block 
insulating film. ^ 
10 SiN film, however, has a problem ^that it lowers the 



25 



operation^ speed of the semiconductor device due to its 
high dielectric constant ( about 7 ) . 

j $thea? — - t he Si N filmy [£omeJ Aow dielectric 
constant films^ are v^nown to be used for the block 
15 insulating film. These low dielectric constant films are 
formed using v CVD method (Chemical Vapor Deposition 
method) , and the reaction gases for this methbd^is t hat] 
consist^ of methylsilane (Si(CH 3 ) 4 ) and CH 4 or ^jaT? 
^co nsists jpfj organic silane and CH 4 . These methods; 
20 however, are problematic because a large number of Si-C 
bonds are formed in the low dielectric constant film. 
Since the Si-C bonds increas^/ the leakage current in the 
film, the block film formed as above has the problem that 
the leakage current is large. 



SUMMARY OF THE INVENTION 

i 

It is an object of the present invention to provide 
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a novel semiconductor device capable of preventing the 

diffusion of the copper ^JtfT the copper wiring layer and a 

method of manufacturing the same. 

According to the semiconductor device manufacturing 

method of the present invention, tfrg process gas 

containing any one of N 2 and N 2 0 is^/plasma nize^ and then 

the surface of the copper wiring layer is exposed to the 

Tplasmanized] process gasY Alternatively, th#* process gas 
1 — uWT<? 9ar*^ p(3#m 

containing N 2 and NH 3 may be^plasmanize^ in place of above 



gas and then the surface of the copper wiring layer may 
be exposed to this plasmanized process gas. ^ 

^Acc ording to^ the examination resu ltTj ^Jt ^asj 
discovered that ^Kel surf ace layer portion of the copper 
wiring layer ^wasy reformed by these plasma processes and 
15 such surface layer port ionJ15oulJ| function^ as Jjhej copper 
diffusion preventing layer. This means that the copper 
wiring layer itself has the function of prj^enti^g^the 
diffusion of copper. Therefore/ [the^j highf^ilityyg^j j 
preventing copper diffusion is not required^^^ the 
20 copper diffusion preventing film (the block insulating 
film, etc.) formed on the copper wiring layegf^ etc| 
Therefore, there is no need to use the high dielectric 
films (SiN film like) of the prio^p art, which are 
considered to have a superior abilit^of^ prevent£ngj the 
25 copper diffusion. 

Accordingly, in the present invention, films having <3 
relatively low dielectric constant can be formed on the 
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copper wiring layer, in place of the high dielectric 

constant film in the prior art. Example* of the films 
foci* A 

having /they relatively low dielectric constant v /±s the] 
silicon- containing insulating filn?such as a SiOCH film, 
5 a SiO film, a SiONCH film, a SiCH film, a SiCNH film, and 
the like. If the high dielectric constant is not 
problematic, however, ^hej SiN film may be employed. 

The so-called damascene structure may be formed on 
this silicon-containing insulating film. In order to 
10 obtain the damascene structure, the interlayer insulating 
film informed on the silicon -containing insulating film, 
then^£he] via hole is formed in the silicon- containing 
insulating film and the interlayer insulating film, then 
££hej plug connected electrically to the copper wiring 
15 layer is buried in the via hole, and^Eh£) upper wiring 
connected electrically to the plug is formed on the 
interlayer insulating film. As described above, since 
the surface layer portion of the copper wiring layer is 
reformed to function as the copper diffusion preventing 
20 layer, the diffusion of the copper into the silicon- 
containing insulating film and the interlayer insulating 
f ilm^can be7 prevented. 

Moreover, if the surface of this copper wiring 
layer is exposed to the NH 3 plasma before the surface 
25 layer portion of the copper wiring layer is reformed, the 
natural oxide film formed on the surface of the copper ' 
wiring can be removed. If the natural oxide film is 
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25 



removed in this manner, the film formed on the copper 

wiring layer becomes difficult to peel off from the 

copper wiring layer. 

Furthermore, instead of reforming the surface 

portion of the copper wiring in the above manner, a 

silicon-containing insulating film may be formed on the 

fas y&es^ > ; 

copper wiring layer which not ^subjected to the above -cte&r'/ixx 

reforming process. In this case, after forming the 

silicon-containing insulating film, process ^.gas A,*J 

containing at least one of NH 3 , N 2 , and N 2 0 is^plasmani^sdi 

and then the surface of the ^/silicon- containing 



insulating film is exposed to the Jabove, plasma nizecT) 



process gas< /toaa^ j 
discovered that the silicon-containing insulating film 
15 ^asy reformed by this plasma process and v the^/silicon- 
containing insulating film ^had thej function^ as /thej copper 
diffusion preventing film. 



F^Asl £he silicon-containing insulating film to be 
reforme^ there are/ a SiOCH film, a SiO film, a SIN film*, 
a SiONCH film, a SiCH film, a SiCNH film, ^andj the lik^Cj * 

^or example^ Among these films, the SiOCH film and the ■ 
SiONCH film can be formed by y^hej7 chemica l vapor 
deposition^ethod] using^pie^reaction gas that contains a 
compound havingTa^siloxane bonds. I f^hej compound having 

Uthe] siloxane bonds is employed, fth^7 SiOCH film /and the? 
SiONCH film /that haVe the] low dielectric constant and ^tt'^fi; 
suppres^^hg^ leakage .current can be formed. As a result, 



^injthe SiOCH film and^mjthe SiONCH fo^lm, there^xists^ no 
problem that the leakage current v increase©/ JJdfe in the 



prior art .£3nd*) that the operatiorH speed of the 



OS* x 
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semiconductor device *> slower due to the high dielectric 



constant^like^jjr^the SiN film. 

The so-called damascene structure may also be 

formed on the silicon-containing insulating film that is 

reformed in this manner. In order to obtain <2. 

2 fa 

damascene structure, interlayer insulating film is 

formed on the reformed silicon-containing insulating film, 
then Jthej via hole is formed in the silicon- containing 
insulating film and the interlayer insulating film, then 
^/"the^ plug connected electrically to the copper wiring 
layer is buried in the via hole, and then /tJheQ upper 
wiring connected electrically to the plug is formed on 
the interlayer insulating film. As described above, 
since the reformed silicon-containing insulating film can 
function as the copper diffusion preventing film* the 
copper can be prevented from diffusing into the silicon- 
containing insulating film and into the interlayer 
insulating film. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.l is a sectional view showing the semiconductor 
manufacturing /equopmen-0 employed in an embodiment of the 

present invention; * 

.1 

FIGS.2A to 2C are sectional views showing steps of 
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manufacturing a semiconductor device according to a first 
/method of tti& embodiment of the present invention; 

L — - — I oj*T"*,rr 

FIG. 3 is a graph /showing SIMS examination result s7 

&~f ^ ■ 

faboufj the elements /that are) contained in the silicon - 

5 containing insulating film ^immediately after the film 

formation, in the first ^method of the embodiment of the 

vA^d 9ffl&* esent inventiorf; r ^ 

FIG. 4 is a graph ^/showing SIMS examination r esults ? 

/about] the elements /that are'/contained in the silicon- 

10 containing^insuiatxng' f ilmT^hen such} silicon-containing 

insulating film is annealed in vacuum at 500 °C for 4 

verso J Aeptk _ 
houirsV in the first /method of the"7 embodiment of the 

yHe^cJ c£<frL present invention; ^ ^ 

FIG. 5 is a graph ^showing SIMS examination resultsj 
15 JjiboutJ the elements ^hat are] contained in the silicon- 
containing insulating film immediately after the film 
formation v when the N 2 plasma ^rocessj is ^ot execufrecy 

FIG. 6 is a graph [showing SIMS examination results f 

of >— - J 

^abouf^ the elements ^iat arejcontained in the silicon^ 
20 containing insulating film which, is not subjected to the 
N 2 plasma /process when such silicon-containing insulating/ 
jTf ilinj is annealed in vacuum at 500 °Cfor 4 hours after the 
film formation; 



FIGS.7A to 7C are sectional views showing steps of 
25 manufacturing a semiconductor device according to a 

second/method of the/ embodiment of the ^present invention; 

i — af <&nT*Kt 
FIG. 8 is a graph /showing SIMS examination results 




^about^j the elements £that are] contained in the silicon- 
containing insulating film when such silicon -containing 
insulating film is annealed in vacuum at 450 °C for 4 

hours after the film formation, in the second /method of / 

- Mmad of fa k -J 

1 the /embodiment of the^ present invention; - 

FIG. 9 is a sectional^^ew v ^showing a sectional 

^structure used toj measur^the leakage current of the 

/^silicor^^ film, in the second/me thodl 

L -^~^^ — s am, j ^ ^ u - — 

/of the) embodiment of the* present invention; 

FIG. 10 is a graph showing the leakage current of the 
silicon -containing insulating film when the NH 3 plasma 
process is performed for the silicon -containing 
insulating film immediately after the film formation, in 
the second /method of they embodiment of the V present 
invention; 

FIG. 11 is a graph showing the leakage current of the 
silicon-containing insulating film after such silicon- 
containing insulating film is subjected to the NH 3 plasma 

process and is then annealed, in the second /method of the / 

WzftxOcl of ~Ut<t 1 — n ' 

embodiment of thevforesent invention; and '^h^ 

FIGS.12A to 12H are sectional views showing /the c j^£^ • 
/^w here| the present invention Jj&^ a PPiiS^J to the damascene 
method. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Next rjjtfij embodiment^ of the present invention will be " 
explained with reference to the accompanying drawings 
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hereinafter. 

ffl) ] Explanation of the semiconductor manufacturing 
/e^lpmerrU employed in the present/ embodiment 5 
FIG.l is a sectional view showing the semiconductor 
5 manufacturing ^^^ipmeni^ employed in the ypresent^ 
embodiment 

In FIG.l, 101 denotes a chamber in which the film 
formation and the plasma process are. carried out. 
Provided in the chamber 101 are two opposing electrodes, 
10 i.e., a lower electrode 102 and an upper electrode 104. 

The lower and upper electrodes 102, 104 botfi have an 

of a- 

almost circular planar shape^^iosej diameter j&J about 230 
mm. 

The lower electrode 102 is also used as a loading 
15 table on which a substrate 103 is loaded. A heater (not 
shown) for heating the sirastrate 103 up to a desired 
temperature is builft ii$* tlais lower electrode 102. In 
FIG.l, 105 denotea^^po\^er suppling/ wiring for supplying 
f a] power to J^BiS heater. 
20 In addition, the upper electrode 104 is also used 

as a shower head for supplying a gas into the chamber 101. 

A first high frequency power supply 107 and a 
second high frequency power supply 109 are connected to 

Jkc^ . , *7jc" 

25 

frequency power to the gas from one or both of these high 

1 

frequency power supplies 107, 109. 
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A gas introducing port 108 is provided^e^the upper 
electrode 104, and the gas is introduced into the chamber 
101 through the gas introducing port 108. An exhaust 
port 106 is provided £EoJ the chamber 101, and the gas 
introduced into the chamber 101 is exhausted via the port 
106 to reduce the pressure in the chamber: 101. 

J^zfj ^Ex planation jffi j^a semiconductor device 
manufacturing method according to 
|^bodiment o f the) present invention 

^semiconductor device manufacturing 
tfie v present eitjbodiment 
order toyfrianufacture 



the 





presen^Kembodiment , there 





the 




described asNf^ollows, 
Firs t^metho5| e th^bbdi***^ 

JlrafaxienGe- teo-FTGS72g7^^ C^hg reunder i i O 

In thisv^thoc^, as shown in FIC^T. 2A, substrate 103 
is loaded on the lower electrode 102 (see FIG.i). The 
substrate 103 /is constructed by forming/ a copper wiring 
layer 1X0 von an underlying insulating film 112 such as 
Si0 2 film, or the like^ yThe. underlying insulating fiJimj 
|^12^is formed on ^he| silicon substrate (not shown) . 

Then, as shown in FIG. 2B, surface of the copper 
wiring layer 110 is ^processed/ withvplasma and reformed. 

This process is carried out /in accordance wrthy following 

i 

conditions A. 
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(Conditions A) 

• temperature of the substrate 103*4#3 7 5 °C 

• pressure in the chamber 101^ &t0. 5 to 1.0 Torr 

• frequency of the first high frequency power supply 
5 107*fvl3.56 MHz 

• power of the' first high frequency poweir supply 
107 # % ^To W (not applied) 

frequency of the second high frequency power 
supply 109&^380 KHz 
10 * power of the second high frequency power supply 

109 4 Wl_50 W 

• process tim^t^O sec 

• process gas flow rate^^ee Table 1 



15 
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Table 1 


Process gas 




gas flow rate 


(scan) 




N 2 


N 2 0 NH 3 


CxHy 


® N 2 


100 






(D N 2 +N 2 0 


200 


100 




(D N 2 +NH 3 


200 


--- 100 




<D N 2 +C x H y 


200 




100 






100 


200 


(6) Nz+NzO+CxHy 


100 


100 


100 



As shown in Table 1, there are six types ® to ©ars* 
the process gas. p&iyl one of N 2 and N 2 0 is contained in 
25 £allj process gases. These gases are^^plasmanizeSJ in the 

chamber 101. In this case, NH 3 may be added as in the £}3J& 
process gas (D, and CxH y (hydrocarbon) may be added as in"tfc«csy 

f. 
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the process gases @ to (6). Specific examples of the CxHy hyjrocfffe 
are CH 4 and C 2 H 2 . It is postulated that if CJi y is added, I 
a thin film made of CJiy is farmed on the surface of the 
copper wiring layer liaC Anjp it is /ejected? that the 
5 copper wiring layer 110 is v dif f icult to gie] etcheja in ^he7 
later steps by this thin film. 

Then, as shown in FIG.2C, a silicon-containing 
insulating film 111; is formed on the copper wiring layer 
110. This silicon- containing insulating film 111 is 
10 formed by the plasma CVD method (Chemical Vapor 
Deposition method) yTn accordance w ittTjf following 
conditions B. 

(Conditions B) 

• temperature of the substrate 103f^£375 °C 
15 • pressure in the chamber 101$ HmI . 0 Torr 

• frequency of the first high frequency power supply 
107$<4* 13.56 MHz 

• power of the first high frequency power supply 
107 0 W (not applied) 

20 • frequency of the second high frequency power 

supply 109;** 380 KHz 

• power of the second high frequency power supply 
109|*>^100 to 150 W 

• deposited film thicknes^*t^ 100 nm 
25 • gas flow ratef&P see Table 2 
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Table 2 

Type of silicon- gas flow rate (seem) 

Containing HMDSO TMS SiH 4 N 2 0 NH 3 CH 4 

Insulating ( Si ( CH 3 ) 4 ) 

5 film 111 ■ 

(D SiOCH 50 --- --- --- --- 100 

(2) SiO --- 50 100 

(3) SiN --- 50 100 100 
(D SiONCH 50 -- --- 200 100 

10 (5) SiCH 50 --- 100 

® SiCNH 50 --- --- 200 100 



As shown in Table 2, |there ar^ an SiOCH film, 



an 



SiO film, an SiN film, an SiONCH film, an SiCH film, and 
an SiCNH film /as the type of 1 the silicon -containing 

15 insulating film 111 Jto be f o rme^ . These films can be 
formed by combining together the gases in Table 2. In 
the present invention, any one of these films may be 
£employejz. It should be noted that when the /type of the 
film is denoted as "SiXYZ film" , this film^Fshould 

20 )5 understood contai^^l at leastj£anj Si ^elemenjj?, an; X 

element, a Y element, and a Z element. 

In Table 2, HMDSO (hexamethyldisiloxane: 

(SijCH^) 2 0) is liquid at^he^room temperature (20 °C). "fh c 

fiow rate of the liquid HMDSO is adjusted by {t]je7 liquid 

25 /massif low meter (not shown) , and then the liquid HMDSO is 
/ -hfev<3PQr 
^/aporiz'ed by heatihg and then v is 'introduced into the 



i 

chamber 101. Alternatively, in place of this process, y 
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the liquid HMDSO may be^Vaporized, then the flow rate of 
the vaporized HMDSO may be adjusted by the high- 
temperature massjeiow meter (not shown) , and Jfixexij the 
vaporized HMDSO may be supplied to the chamber 101. The/, 
5 flow rate of the HMDSO Jj-nJ the conditions B is ^JpseJ 
obtained when the HMDSO is vaporized in the above manner. 

£ln partic ulary ^he dielectric constant of the SiOCH 
film, which was formed by using the HMDSO under the 
conditions B, was about 4.0. This value is lower than 
10 the dielectric constant of the SiN film. Furthermore, if 
the HMDSO is used, since Si (silicon) in the HMDSO is 

already bonded to O (oxygen) in the form of siloxane bon45 

r<e<juce.<4 - 
(Si-O-Si), the Si-C bonds are /not so much contained/ in 

the SiOCH film. As a result, the SiOCH film^jdielectric 

15 constant /thereof is low^ as explained above, /b"ecomes a) 

^Tilm whc^e^ leakage current j±s suppresses. This is also 

the case for the SiONCH film that is formed by usingjthej 

HMDSO. a / ■ • >r / ^ 4. 

/The^ HMDSO the} compound having ^tfiejsiloxane bonds , 

20 but ^hey^imilar^^dvan t acg^J t o the above can be obtained 

when any one of ^ following compound^having JttxTj siloxane 

bonds is employed in place of the HMDSO. 

OMCTS ( octamethylcyclotetrasiloxane : (Si(CH 3 ) 2 )40 4 ) 

HEDS (hexaethyldisiloxane : (Si(C 2 H 5 )3)20) 

25 TMDS (tetramethyldisiloxane : (SiH(CH 3 )2) 2 0) 

TEDS ( tetraethyldisiloxane : (SiH(C 2 H5)2)20) 

i 

1 

TMCTS ( tetramethylcyclotetrasiloxane 
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:(SiH(CH 3 )) 4 0 4 ) 
TECTS (tetraethylcyclotetrasiloxane 

:(SiH(C 2 H 5 )) 4 0 4 ) 
If any one of these compounds is employed, the. 

. = x WfjA & 3tMfprKSS*c( 

silicon- containing) insulating film 111 /whose) 'leakage 

" — ^ h&/'«J) & J~~ — ' 

current /is suppressed and which iias the] low dielectric 

constant can be formed. 

Also, as shown in Table 2, the organic silane ^TMS 

(tetramethylsilane : S±{CK 2 ) A )J is employed to form the 

10 SiO film, the/go^H film, and the SiCNH film, but other 
organic silane m£y be employed in place of TMS. fbsT other 
organic silane^ y: or example, £there arej trimethylsilane 
(SiH(CH 3 ) 3 ), dimethylsilane (SiH 2 (CH 3 ) 2 ) , and 

monomethylsilane (SiH 3 (CH)). 

15 Jrhen . examination /'results about^he tendency ^ofjthej 

copper diffusion from the copper wiring layer 110 >6 the 

r?<JoJ 



— silicon- containing^Lnsulating film 111 will^be explained 

with reference to FIG. 3 and FIG. 4 /hereunder*. 

L — — / 

Particularly, /explanation will be made for) the case where 
1 uxJ^r- 

N 2 ( see CD in Table 1 ) is used as the process gas Jhx\ the 

above conditions A, along with ^Gs incy the SiOCH film (see 

in Table 2) as th^ ^^o!ic6n" ^ insulating film 

111 uj'fl h<- ^x^/ai^cdTT^ 7T~~ 

FIG. 3 is a graph ^howing^ results of ^ex amination^ 
25 /c^rrie^ out by] SIMS (Secondary-Ion-Mass- Spectroscopy), 
J^soutJ the elements ' that are contained in the silicon- 
containing insulating film 111 immediately after the film 
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was formed. In this examination, the relationships 
between a depth from the surface of the silicon- 
containing insulating film 111 and a Cu (copper) 
concentration at that depth were examined. / An) abscissa 
5 in FIG. 3 denotes the depth (nm) from the surface of the 
insulating film 111 a linear scale, and jj^T ordinate on 
the left side denotes the Cu (copper) concentration 
(atoms/cc, i.e., the number of atoms per 1 cc) a 
logarithmic scale. In this examination, secondary ion 

10 intensity (cts/sec), of Si (silicon) and C (carbon) 
contained in the film were also examined. ordinate on 
the right side of the FIG. 3 denotes the secondary ion 
intensity (cts/sec) of Si (silicon) and C (carbon) J&t a 
logarithmic scale. 

15 In FIG. 3, the numerical value affixed to the left 

side of the symbol of ^element# indicates the mass number 

of this element . , . ~j * r> 

rAlsoT^FIG.4 is a graph showing /siM S examin ation ^ 
Jresults j ot] the elements JEhat were7 contained in the 

20 silicon-containing insulating film lll^after the silicon- 
containing insulating film 111 examined in FIG. 3 was 
.annealed in vacuum at 500 °C for 4 hours. This 
examination was carried out in ^the^ similar £wayjto that in 
FIG. 3. 

25 Focusing on the copper concentration at ^feKe depth of 

60 to 80 nm in FIG:' 4 reveals that gradient of the^graph 
in this region is relatively steep, which indieia±e that 



copper diffus±©k from the copper wiring 110 into the 
insulating film llljis^ little). 

In addition, as shown in FIG. 4, Cu (copper) 
contained in the silicon-containing insulating film 111 
. is very small in the middle range (the depth of about 20 



Jul frtacfrce 
/Practi 



to 60 nm) of the film. /Practically, it is preferable 
that the number of CuVin the middle range of the filmjfts^ 
less than 10 17 . It can be seen that the present method 
fulfills this condition. 

^/Above arguments/ shows that the present invention can 
prevent ^JheJ copper diffusion even when/^thej anneal^s 
performed. 

Next, in order to further confirm the effect of the 
N 2 plasma Tprocess], the J^xgkatia£j£^ 

case where the N 2 plasma JprocesjfJ is ^not executed) with 
reference to FIG. 5 and FIG. 6 hereunder. FIG. 5 is a graph 
showing SIMS examination results , obtained immediately- 
after the ^silicon- contaj^iincj> insulating film 111 was 

SJt^- — 

formed, [Bbout^ the elements that were contained in the 



(^si^con-^con^ insulating film 111 that was not 

subjected to the N 2 plasma JJrocesS?. /This "is just thej 
casejwhe^rej the step shown in FIG.2C is executed, without 
executing the step in FIG.2B, directly after the step 
shown in FI G.2A is e xecuted. Also, FIG. 6 is a graph 
showing/ SIMS examination\results^/S^uty the element s|tha€j 

/were 1 contained in the insulating film 111 of fthe7 FIG . 5 , -. 
which^erej further' subjected to/an] annealing in vacuum at 
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500 *C for 4 hours. 

In FIG. 5 and FIG. 6 ,^>arr abscissa denotes 7al depth (nm) 
from the surface of the insulating film 111 $ikk linear 
scale. £Then, aif? ordinate on the left side denotes the Cu 
5 (copper) concentration (atoms/cc) a logarithmic scale. 

2"Also^^^ordinate on the right side denotes secondary ion 
intensity (cts/sec) of Si (silicon), C (carbon), and F 
(fluori^^^^ a logarithmic sca^^Bspecti vel^ 

As is apparent from comparing the Cu (copper) 
10 concentration of FIG. 5 (before the annealing) and that of 

FIG.6 (after the annealing), it can be understood that ^ 
^nn^Z^^^^thB copper of the copper wiring layer llO^iiffus^ into 
the silicon-containing insulating film lll^JTSy J^he^ 
^annea lingj 



15 On the other hand, comparing the Cu (copper) of 

FIG. 4 ( porforming the N 2 plasma prpoeSsl and that of 
FIG.6 (ft©t--perfi3f3fm^^ the N 2 plasma jagecgBS) reveals the 
effect of the plasma ^process. That is, it can be 
understood that the Cu (copper) concentration in FIG. 4 is 
20 lower than that in FIG.6. , 

^According to the examinat iofT^ results shown in FIG. 3 
to FIG.6, ^it was^ verif^&3?> that if the surface of the 



copper wiring layer 110 fwas) exposed to the plasma under 

<2 1 



the conditions A,^£ he ) surf ace ^Tay erJ portion of the copper 
25 wiring layer HO^wasJI reformed to function^ as jfth£J copper 



diffusion preventing layer. The inventors speculate^' 
that the surf ace^^ye^ portion of the copper wiring layer 
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110 /would bej nitrided by the plasma process and thus a 
thin film rmadel of copper nitride would be] formed /on/ the 
surface /lay er] portion, and this thin f ilm^ouldj serv^ as <3 
j^he? copper diffusion preventing layer. 

This means that the copper wiring layer 110 itself 
fhave the] function? /of 1 prevent^n^)/the7 coppe r di ffusion. 
Therefore, according to the first /method*, there is no 
need jto require) the copper diffusion preventing film 
formed on the copper wiring layer 110 to have superior 
ability pof] preventing the copper diffusion. Ftor this 
reason, there is no need in the first fme thod to employ^ 
^fthej high dielectric constant film such as the SiN film 
/that is) employed in the prior arty due to/ its superior 
ability Toflpreventing the copper diffusion. 

£fext, the^ second ^methodj will ^ be explained with 
reference to FIGS-7A to 7C Thereundei?. 

In this ffie thoc ^ , as shown in FIG.7A, a substrate 103 
is loaded on the lower electrode 102 (see FIG.l). The 

20 substrate 103 is constructed by forming the] copper wiring 

' /. / 

layer 110 / on JtheJ ^underlying insulating film lll^h^k 

/Although not shown, the underlying insulating film 1121 is 

formed on a silicon substrate. 

Then, as shown in FIG.7B, the silicon-containing 

25 insulating film 111^/whosej film thickness £lsj 100 nm is 

formed oh the copper wiring layer 110. This silicon- 

.1 

containing insulating film 111 is formed by the CVD 
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method in accordance with the conditions B /exp lained inj 
the first method. 

In turn, as shown in FIG.7C, the surface of the 



silicon- containing) insulating film 111 is reformed by 



the . plasma process in accordance with following 
conditions C. 

(Conditions C) 

• temperature of the substrate 103/^375 °C 

• pressure in the chamber 101; ^0,5 to 6.0 Torr 

• power of the first high frequency power supply 
107/^0 W (not applied) 

frequency of the second high frequency power 
supply 109^380 KHz 

• power of the second high frequency power supply 
109^150 W 

• process timef ^30 sec 

• process gas flow rate^^feee Table 3 

Table 3 

Process gas gas flow rate (seem) 
(D NH 3 100 to 300 
(2) N 2 100 to 300 
(D N 2 0 100 to 300 



At least one of NH 3/ N 2 , and N 2 0 in Table 3 may be 
employed as the process gas. 

Though only the second high frequency power supply 
109 is employed under the conditions C, the first high 
frequency power supply 107 may be employed together with 
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the second high frequency power supply 109. 
Alternatively, the first high frequency power supply 107 
may be employed without employing the second high 
frequency power supply 109 . ^ 

— of L~ J$ n 

5 Next, / examination \ result sV/aboiitj yE he J copper 

diffusion from the copper wiring layer 110 into the 
silicon-containing insulating film 111 will be explained 
with reference to FIG. 8 ^/^reunde^. J^^articula^^, the 
|^planation will be made f orj the case where the SiOCH 

10 film (see (D in Table 2) is used as the silicon- 
containing insulating film 111, and NH 3 (see ® in Table , 
3) is used as the process gas d^f the conditions C. I 
FIG. 8 is a graph showing^ SIMS examination /results 
^^bout^he relationship between the depth (nm) from the 

15 surface of the silicon -containing insulating film 111 and 
the Cu (copper) concentration (atoms/cc) at that depth, 
when the insulating film 111 is annealed in vacuum at 
450 °C for 4 hours after subjected to the NH 3 plasma 
process, /in this examinationj^s in the first /^thora, 

20 the relationship between the depth (nm) from the surface 
of the insulating film ill and the secondary ion 
intensity (cts/sec) of Si (silicon) and C (carbon) at 
that depth were also examined^ The SIMS examination 
method similar to thatvin the^f irst /method]. 

25 As shown in FIG. 8, /the3 diffusion of Cu (copper) /is/ 

littl^ in thisffiethbty In addition, it can be understood 

i ^ a>Ttk*»t ^ 

from comparing FIG. 6 ^not executing / the NH 3 plasma 
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process) and FIG. 8 ^gxecu tin^ the NH 3 plasma process^ that 

the Cu (copper) concentration in FIG. 8 j^ecuting^jthe NH 3 

plasma process/is executed) is lower. 

/This means that? exposing the surface of the 

5 silicon -containing insulating film 111 allows the film 

£5 2 

111 to be reformed and to yfiave ^aj* function £ofJ copper 

diffusion preventing film. 

B 

In this example ,£the\ SiOCH film is employed as the 
silicon-containing insulating film 111 and this film is 
10 formed by using /the] reaction gas containing the HMDSO 
(see the conditions B) . Therefore, as has already been 
explained, not only the dielectric constant of the film 
can be lowered to about 4 but also the leakage current 
can be suppressed. 

The inventors actually measured this leakage 



current. _ FIG. 9 shows a sectional structure /used to7 

,*€*r# ^ — ' 

measure the leakage current. In FIG. 9, 202 denotes a p- 
type silicon substrate that is grounded. Then, the 
silicon-containing insulating film 111 was formed on thi-s 

20 p-type silicon substrate 202 under the conditions B. 

Also, 201 denotes a mercury probe used to apply the test 
voltage to the silicon-containing insulating film 111. 

Measured results are shown in FIG. 10 and FIG. 11. 
In these figures, j£ri abscissa denotes ^arfj electric field 

25 strength (MV/cm) applied to the mercury probe 201 (see 
FIG. 9) ^In^ the measurem ent iry a linear scale. A minus • 
sign in the abscissa shows that j^}^ negative voltage is 
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applied to the mercury probe 201. ^£rf ordinate denotes 
the leakage current (A/ cm 2 ) J$ a logarithmic scale. 

FIG. 10 is a graph showing the leakage current in the 
insulating film 111 when the NH 3 plasma /process) (under 
5 the conditions C) was performed for the insulating film 
111 immediately after the insulating film 111 was formed. 

On the other hand, FIG. 11 is a graph showing the 
leakage current of the insulatin^film 111 after it was 
subjected to the NH 3 plasma ?processJ (iinder the conditions 
10 C) and was then annealed. The annealing was carried out 
in vacuum at 450 °C for 4 hours. 

As is apparent from comparing FIG. 10 and FIG.ll,^£tTj 
Jxs understood tha£^ the leakage current characteristic of 
the insulating film 111 that is subjected to the NH 3 
15 plasma / process isT seldom changed ^/before and after/ the 
annealing. Focusing on the curve A in FIG. 10 and FIG. 11 
shows that the curve A shifts to the left side (higher 
electric field side) when -JEhe) arinealA^s performed 
(FIG. 11). Therefore, it can be expected that the leakage 
20 current characteristic can be, improved by the annealing 
As described above, according to this£metho<p the 
copper diffusion can be prevented by the silicon- 
containing insulating film 111 whose dielectric constant 
is lower than ^ the prior art and in which the leakage 
25 current jcan^bejsuppressed. Since the dielectric constant 
is lower than the ptior art , insulating film 111 does not 



'A 



have> r a7 problem of 1 lowering the operating speed of the 
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semiconductor device as in the prior art. 

It should be noted that the first and the second 

£Tnethod7 may be executed independently as in the above or 

in combination thereof. Combining the first and the 

5 second Jmethodj leads to the same advantage 5 as jxn theSj above . 

^T^Explanation the method^of removing the natural 

oxide f ilm-|pl^the surface of the copper wiring 

layer 110 * i 

The first and the second explained above 

10 may be executed after the natural oxide film on the 

surface of the copper wiring layer 110 is removed. This 

prevents the silicon- containing insulating film 111 from 

peeling off from the copper wiring layer 110. In order 

to remove the natural oxide film of the copper wiring 

15 layer 110 in the present embodiment^ the surface of the 

copper wiring layer 110 is exposed to the NH 3 plasma. 

the. 

The NH 3 plasma process conditions are given^in^ following 
conditions D. 

(Conditions D) 
20 NH 3 flow rate|wj600 seem 

temperature of the substrate 103/^975 °C 
pressure in the chamber 101^^.0 Torr 
frequency of the first high frequency power supply 
107>*13.56 MHz 

25 power of the first high frequency power supply 

107/f*400 w ; 

i 

power of the second high frequency power supply 
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109f*K> W (not applied) 

process tim^^^JLO sec 

J^J^jj^^ °f applicStionJ Examples of the 

present invention 

5 Next , japplication^ examples of the present invention 

will be explained hereunder. In the following, the 

present invention is applied to the damascene method that 

is useful for forming the copper wiring layer. FIGS.12A 

to 12H are sectional views showing the case where the 

10 present invention is applied to the damascene method. 

Firstly, as shown in FIG.12A, the substrate 103 is 

prepared. This substrate 103 /is constructed by forming\ 

1 — jor-^f- — J 
the copper wiring layer (lower wiring) 110 v on the 

<3 

underlying insulating film 112 such as JfeKe Si0 2 film,£etc7j 
15 iAlthougn not shown, the underlying insulating film 112/ is 
formed on the silicon substrate. 

Then, as shown in FIG.12B, in order to remove the 
natural oxide film he surface of the copper wiring 
layer 110, the surface is exposed to the NH 3 plasma. The 
20 conditions for the NH 3 plasma process are /given as*7the 
conditions D ^gkplaine^ above . 

Then, as shown in FIG.12C, the surface of the copper 
wiring layer 110, whose natural oxide film ^ removed, is 
^processed by] the plasma. The conditions for this plasma 
25 process are given as the conditions A explained /in -th e? 

above v first. 0ethq3^. The surface layer portion of the \ 
copper wiring layer 110 is reformed by this plasma 
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fprdcesf, and this surface layer portion functions as the 
copper diffusion pre venting layer. 

In turn, as showh in FIG.12D, the silicon-containing 
insulating film 111 is formed on the copper wiring layer 
5 110. This silicon-containing insulating film 111 is 
formed under the conditions B explained above. Since the 
silicon-containing insulating film 111 functions as the 
block insulating film in the preseirt /implic ation) example, 
the insulating f ilm 111 is^called as the] block insulating 
10 film 111 in the following. Also, because the natural 
oxide film of the copper wiring layer 110 removed in 
the step shown in FIG.12B, the block insulating film 111 
isjjnade to ^be^J difficult to peel off from the copper 

wiring layer 110. _^ *«b*t**ZX 

15 As explainedv^ar the^eLbove/ second^metho^, after the 

block insulating film 111 is formed, the surface of the 

insulating film 111 may be exposed to the plasma in 

accordance with the above conditions C . In this case , 
"Treats e*T jhouj** 

the plasma /process^ in FIG.12C may be omitted. Since the ±. 

— ij-^^MSft f 

20 block insulating film 111 subjected to the plasma /proc essj 
has the function /for] preventing the diffusion of copper, , 
there is no possibility that the copper^dif fusejs into the 
interlayer insulating film JEo be)formed on the insulating 
film 111^ even if the plasma ^ffro cess in} FIG.12C is omitted. 

25 Then, as shown in FIG.12E, the interlayer insulating 

film 113 of low dielectric constant is formed on the y. <•■' 

t 

block insulating film 111, and a protection film 114 is 



formed thereon. The inter layer insulating film 113 may 

be the well-known FSG (Fluorinated Silicon Oxide) or ^Ztg 

porous Si0 2 film, for example. As the protection film 

114 / ^th^jNSG film (the silicon oxide film hot containing 

^Ehe^ impurit^) that has a thin thickness and a high 

density is employed. if the protection film 114 is 

rabsentr, the quality of the inter layer insulating film 113 
^ used fhe 

is altered by the process gas /f or? ashing/photoresist 115 

(described later) or by /etching gas^forjetching the block 



insulating film 111 which lies under the interlayer 
insulating film 113, /which degraded the low dielectric j i 
constant characteristic of the insulating film 113. xf r 
however, this is not problematic, the protection film 114 
may be dispensed with. 

Then, as shown in FIG.12F, the photoresist 115 is 
coated on the protection film 114, and then an opening 
^^brtiorT} 115a is formed in the photoresist 115 by 

photolithography. Then, an opening jfportloaj 113a reaching dtaw 
the block insulating film 111 is formed by etching the 
interlayer insulating film 113 and the protection film 

U5i fitf- 
llb via the opening J^rtionJ 115a^ |6y^ virtue of the^ , 

reactive ion etching (RIE) . 

In this etching, v^gas mixture of CF 4 +CHF 3 is employed 

as the etching gas, and the block insulating film 111 has 

^/^hej/etching resistance against this etching gas. In 

other words, the block insulating film 111 functions as 1 |J V 

the etching stopper film^for this etching. 
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Then, as shown in FIG.12G; after ashing and removing 

the photoresist 115, an openin^por t ioj^ 111a reachingVthe 

copper wiring layer 110 is formed by etching the block 

insulating film 111 via the opening jportion^ 113a. This 

etching is carried out by /the*7reactive ion etching (RIE) . 

1 ' 

In this etching, ^gas mixture of Jthe) CF 4 +CHF 3 , which is 
employed in etching the inter layer insulating film 113 
composition? ratio is changed, is employed as 
the etching gas.* Since the copper wiring layer 110 has 
j^thej etching resistance against this etching gas, the 
copper wiping layer 110 is not etched by this etching. 
Recording toj this step, a via hole 116 defined by the 
opening ^go rtion^ 111a and 113a is formed. 

Then, as shown in FIG.12H, a seed layer 117 ^nadjof 
copper is formed on inner walls of the via hole 116 and 
on the protection film 114 by sputtering. After this, a 
first electrolytically fcopper^plated ^f ilm 118 is formed 




on the seed layer 117 by yst^ plyi^fjy tff£^ electrical power 
to this seed layer 117. Then, the first electrolytically 
rcopper^plated ^film 118 that is formed^nigher thafy the via 
hole 116 is removed by^thdj CMP fmetho^ (Chemical 



. Mechanical PolishingQethoa) . According to these steps , 
^the/ structur^Jih which the plug ^^rme<d|of the first 
electrolytically copper-plated film 118 is buried in the 
via hole liej^can be obta ine^ . 

Finally, a second electrolytically ^cop per^plated ^ 
film (upper wiring) 119 is formed on the seed layer 117 
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10 



and on the first elect rolytically copper -plated film 118 
by supplying ^tiiej electrical power to the seed layer 117 
once again. 



Following the above steps leads to a stmctur^* 



in 



which the copper wiring layer (lower wiring) 110 and the 
electrolytically ^bopper ^plated v film (upper wiring) 119 
are separated by the interlayer insulating film 113, but 

are electrically connected via the plug. l J* 

As fls^j already ^explained , when the plasma /process) is 
TperBormed for/ the surface of the copper wiring layer 
(lower wiring) 110 in accordance with the above 
conditions A, the surface layer portion of the ^copper 
wiring layer (lower wiring) 110 is reformed vto act as thel 
copper diffusion preventing layer. As a result, there is 
15. no need to employ the SiN film of the prior art, which 
has the high dielectric constant , as the block insulating 
film 111 formed on the copper wiring layer (lower wiring) 
110. Instead, according to the present invention, films 
listed in Table 2 can be employed. Among these films-, 
20 SiOCH film and the SiONCH film, both^are formed using ^he j 
HMDSO, suppress the leakage current and have a low 
dielectric constant (about 4.0). Therefore, present 
example can provide yfl-fie^ semiconductor device having y£he~) 
high operatiof^lspeed. 
25 To summarize, according to the semiconductor device 

manufacturing method of the present invention, : - • 

process gas containing any one of N 2 and N 2 0 is 
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-7" / J* - pkjwGs 

/"plasmanized j and then the surface of the copper wiring 
layer is exposed to the £lasmanized") process gasM 
Alternatively, ^he7 process gas containing N 2 and NH 3 is 

~ /plasmanized in place' of this gas/ and then^the surface of 

the copper wiring layer yHTs exposed to the plasmanizedT^ 
£~process gas^. By these plasma processes, the surface 
layer portion of the copper wiring layer can be reformed 
and made into /then copper diffusion preventing layer. 

^Acc ording to t Ms j>ince the copper wiring layer itself 

/Tias the! function ^f? preventing ■■■•fefee7 c °PP er diffusion, Tth£7 
superior Jctoility oT) preventing copper diffusion is not 
required for the copper diffusion preventing film, such 
as the block insulating film ^frtf the like, yEhich is 




formed on the copper wiring layer. Therefore, there is 
15 no need to use high dielectric constant films, such as 

SiN film, which are used in the prior art [duej/to itsj 

superior ability prevent***^ «fefee copper diffusion. 

J^hBr^^J.f the surface of this copper wiring layer is 

exposed to the NH 3 plasma before the surface layer 
20 portion of the copper wiring layer is reformed, the 

natural oxide film formed on the surface of the copper , 

wiring can be removed. 

Also, instead of reforming the surface of the copper 

wiring layer as above, the silicon-containing insulating 
25 film may be formed on the copper wiring layer, and then 

the process gas containing at least one of NH 3/ N 2 , and ! 

N 2 0 is/plasmanizecy, and then the surface of the silicon- 
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containing insulating film may be exposed to the 
^pl asmanizey process gas . ^^cording^t^ this*? the silicon- 
containing insulating film is reformed to ^act as ^} e J 
copper diffusion preventing film. 

In this case, if the silicon-containing insulating 
film is formed by the chemical vapor /deposition method 
, usingf^hgjreaction gas that contains^ffft^compoun^ having 



/ ; the / siloxane bonds, such silicon-containing insulating 
film can have^low dielectric constant and ^canj suppress 
10 the leakage current. As a result, ^jt^is^ silicon - 
containing insulating film does not have_jaf/ problem that 
the leakage curfeSt ancreases as in the prior art and 
/^hat7the operatiolf spefed of the semiconductor device is 
na / showed due to ptSB /high dielectric constant as Jgf thfe SiN 
15 " film. ~ ' 

Although the invention has been described with 
reference to specific embodiments, these descriptions are 
not meant to be Jconstructedl in a limiting sense . Various 
modifications of the disclosed embodiments, as well as 
20 alternative embodiments of the invention will become 
apparent to persons skilled in the art upon reference to 
the description of the invention. It should be 
appreciat€ck by those skilled Ir/^tt^^eoct that the 
conceptieflr and the specific embodiment* disclosed may be 
25 readil y u tilized as a basis for modify^iig or designing 
other structures for carrying out the Jsw^J purposes of 
the present invention. It should also be realized by 
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those skilled in the art that such equivalent 
constructions do not depart form the spirit and scope of 
the invention as set forth in the appended claims. 

It is therefore contemplated that the claims will 
cover any such modifications or embodiments that fall 
within the true scope of the inventio^T 



